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ABSTRACT

Gobran, Fakhry, M.Sc., The University of Manitoba, July l9Bl.

Relationshjp Between Some Physjcochemical Properties of Wheat Proteins
and Breadmaking Quality

Major Professor: Dr. lll. Bushuk

Technologìcal data were obtaìned for 26 wheat varieties of d'iverse

bak'ing qualìty grown at two locations in Western Canada. Highly

s'ignifjcant correlatjons between remjx loaf volume and protein content,

and farìnograph water absorpt'ion were obta'ined. Sedimentation value and

dough development tjme were not signìficant'ly correlated wjth loaf

volume and therefore are not reliable indices for predict'ion of bread-

makìng quaìity. Intra- and inter-varietal variations'in quaìity, as

reflected by remìx loaf volume per unit protein and BSI test values,

were observed for the wheat samp'les investigated.

As found by other investigators, location of growth had no effect

on the g'lìadìn electrophoregram for all but one of the varieties. Mjnor

differences were observed between the electrophoregrams of the samp'les

from the two locatjons for the varjety Gìenlea. This was attrjbuted

to the unusually high tendency of this variety to outcross.

All of the hìgh quality varieties had a characteristic doublet in

the gfiadin electrophoregram. All of the varieties that djd not have
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this doublet were of poor quality. However some varietìes that

doublet were also of poor quaiity. Accordingly, the doublet is

exclusive marker of breadmak'ing quality.

had

not

the

an

Glìadin content (as determined by quantitation of the densjtometrjc

profile) appears to be related to baking potential; higher loaf volume

varieties had less gliadin determined by this technique.

SDS-PAGE was used to examine both reduced and unreduced glutenins

from the 26 wheat varjetjes grown at the two locations. No obvious

djfferences in the electrophoregrams were observed that could be related

to intervarietal differences in qua'l'ity. As found by others, electro-

phoregrams of reduced glutenins were independent of the area of growth

and seemed to be genetically controlled.

Gel-filtration profiles on Sephadex G-200 of the maìn wheat gluten

fractions (gliadin and g'lutenin) of four wheat varieties of w'ide'ly

different baking potential did not show d'ifferences that can be related

to differences in loaf volume. However, differences were observed in

the geì-filtration profiles of the total protein extracted w'ith AU

solvent from three wheat varieties of different dough strength and baking

potential. The strongest variety (Glenlea) contained jess g'lutenin

fraction than the two weaker varietjes. Accordingly, the gel-filtration

technique may be used as a tool to differeniate between very strong and

very weak wheat varieties.
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I. I NTRODUCTi ON

Research has shown that it ìs qu'ite possible to have two flours

milled from different varieties of bread wheat of the same class with

the same prote'in content but of quite djfferent baking quality. This

difference'is presumed to be due to differences in the chemical and

physicaì propert'ies of the proteins 'in the flour. The combination of

these properti es 'i s general ly referred to as "prote'in qual ì ty" for

breadmaki ng .

As wjll be seen from the literature review that follows, breadmaking

quality of wheat'is governed prìmarì1y by a complex combination of

physi cal and chemi cal properti es of f I our const'ituents. No s'ingl e

factor or component controls the qual'ity of a1ì bread wheats. Each

consti tuent has some i nfl uence. The maj n control I i ng constì tuent may be

different, dependìng on class or even variety of wheat.

As jnmanyprev'ious studies, the focus of the present study js on

the proteìn component of the flour. Specìficalìy, the study was

desìgned to examjne the proteins by several recently developed technìques

such as poìyacrylamide gel eìectrophoresis and geì fjltration.
The techniques were used to examine the proteins of 26 bread wheat

varjetÍes of wideìy different breadmaking qualìty, grown at two

locations in Western Canada. The results obtained by the two analytical

techniques were analysed 'in several d'ifferent ways and the data so

obtaíned correlated with breadmaking potential as reflected by a number

of different technologìcal tests. This thesìs presents the results



obtajned and discusses them in the context of the overall objective of

this research - the chemical and physical nature of breadmaking

quality of bread wheat.



II. LITERATURE REVIEl,J

A. General

Breadmakìng potential of a flour milled from a bread wheat

depends on a critical optimum combination of flour constituents,

added ingredients, and processing parameters (Tippìes 1gl7).

Frequently, a defíciency in one group of factors can be corrected

by adjustments ín ejther of the other groups. Some practìcal

exampìes are the addìtjon of malted barìey flour to'improve the

gassing power of the dough, addition of potassium bromate or other

so-called flour improvers to optimize the rheologicaì (flow) properties

of the dough, adjustment of water absorptìon (amount of water needed

to make an optìmum dough) to balance the alpha-amyiase activìty,

variation of mixing time to bring the gluten to optimum development,

etc.

As the main'ingredient of bread, flour contributes a number of

constituents that pìay a significant role in determining the final

qual'ity of the bread (Pomeranz l97B). The key flour constituents

are proteìns (incìud'ing enzymes), starch, lipids, and pentosans.

Each constituent pìays a definìte role; the magnitude of jts

contribution can vary depending on whether we are comoaring fìours

milled from wheat sampìes of the same variety, from samples of

different varieties from a single class or from samples of varieties

f rom d'ifferent wheat cl asses .



Forwheatvarieties from the same class, differences in bread-

making potential are due, primariìy, to differences in the prote.in

component. The key pub'lication in this area is that of Finney and

Barmore (1948). These workers showed that for varieties of hard red

winter wheat, breadmaking potential (as measured by ioaf volume) is

directly related to the prote'in content of the flour. It should be

noted that protein content of wheat sampìes of a specific variety can

vary from about 7% to over 20%, depending on condjtions of growth

(soil fertility, moisture, temperature, etc.) (Finney et al . 1957

Shel lenberger I 978) .

Since the pìoneering work of Finney and Barmore (1948), the

linear relationship between protein content (for samples of one or

similar varieties) and breadmaking potential has been found for other

classes of wheat (Fifield et al. 1950; and Bushuk et al. 1969).

F'inney and Barmore (1948) observed also that the slope of the

loaf volume - protein content relationship depends on varÍety. That

is, a unit of protein in one variety can contribute a different

increment to the loaf volume than for another variety. The magnitude

of thìs increment, obviously, depends on the intrinsic propertjes of

the proteins that contribute to loaf volume of baked bread. The

properties involved are many and compìex; collectjvely they are

referred to as "protein quaìity" for breadmaking (Tipples 1977; pomeranz

1978). Furthermore, it is now known that those properties are



genetically controlled and are inherited in the progeny from the

parents (sozinov and Poperelya 1979). Nevertheless, the quality can

be affected by abnormal environment during growth (e.g. disease,

moisture stress, temperature, sprouting damage, frost damage, etc.)

(Bushuk 1977).

The scientìfic literature contaìns numerous publr'cations on

attempts to determine the nature (chemical and physical properties)

of prote'in qua'lity. The reader is referred to several excellent recent

rev'iews on the subject (Kasarda et al. 1976; Tipples l9T7; Kasarda

et al. 1978:' Pomeranz l97B; Bloksma l97B).

B. Flour Protein and Breadmak jng Qual'ity

Protein is the component of flour that accounts for a major

proportion of the djfferences in baking potential of wheat samples.

Differences between sampìes of the different varìetíes but of the same

prote'in content are attributed to differences in "protein quafity"

(Pomeranz I 966) .

The two most successful approaches to the study of proteìn

quality have been the fractionation - reconstitution approach used

extensive]y by Hoseney et al . (1969a, b,c) and more recently by

others (i'lacRitchie 1973; Booth and Melvin 1979) and the solubìì'ity

fractionation approach of 0rth and Bushuk (lg7Z).



The fractionation - reconstitution technique has been appìied to

a small number of flours, usually two, one of good and the other of

poor baking quality. Using th'is technique Hoseney et al. (1969c) showed

that for the two flours examined, qliadin controlled loaf volume

whereas gluten'in was related to the mixing tìme required to bring the

dough to optimum development.

The first comprehensjve study of wheat protein solubility was

done by 0sborne (1907). He identified four fractions according to

differences in solubility in a series of solvents. These fractions

are albumjn (water-soluble) ; globuiin (sa1t-solub'le) ; gliadin (so'lubìe

in 70% ethanol ); and glutenin (insoluble in alcohol but soluble in

dilute acid or dilute alkal'i).

The modified 0sborne solubility fractionation (chen and

Bushuk 1970) was applied by Orth and Bushuk (1972) to flours of 26

wheat varietíes grown at four locations to determine possible relatjon-

ship between the proportions of the protein fractions and breadmak'ing

quality. That study showed loaf volume was significantly negatively

correlated with the amount of soluble gìutenin and posit-ively wìth

the amount of insoluble residue protein.

Earlier protein fractionation studies related to breadmak'ing

quaììty are worthy of mention. pence et al. (lg5l) found that the

protein that is soluble jn 0.1%, pH 6.8 phosphate buffer was required

for maximum performance of all g]utens in breadmaking of all wheats



except durum wheat. They also showed that the dialyzabie portìon of

the buffer-soluble fraction produced a posit'ive response in loaf

volume and decrease in mixing time when added to gìuten-starch blends.

Later, Pence et al. (1954a) showed, on the basjs of fractionation

results for 32 flours, that there was no signjficant relationship

between the amount of soluble prote'in (albumin and globulin) and ioaf

volume. The same workers (1954b) aìso showed characteristjc d'ifferences
'in the relative amounts of indjvidual electrophoretic components among

the water-soluble proteins of durum, club, and common wheat flours.

Bell and Simmonds (1963) used two different solvents to extract the

soluble proteins from 26 wheat samp'les having a wide range of prote.in

content. A positive correlation was found between the amount of the

fraction that was soluble in 0.05 14 formic acid and loaf volume. The

same articìe reported a negative correlation between the amount of the

fraction soluble in 0.0] M sodium pyrophosphate and loaf volume.

Another approach related to solubility fractionation was used

by Pomeranz (1965). He showed that loaf volume was negat.ively

correlated with the amount of prote'in extractable from flour wjth 3 M

urea solution. Maes (1966) found a negative correlatìon betvreen baking

qual'ity and the percentage of proteìn soluble in water. This work was

later supported by Booth and lrlelvin (1979) which showed that solub'le

protein was responsible for the poor baking quality of a high yieldìng

European wheat variety. Hoseney et al. ('1969a) in their study of the

role of water-solub]e protein in baking quality, found that water-



soluble protein was not responsible for loaf volume differences, however,

gas production during dough fermentat'ion increased with jncreas'ing

proportion of this fraction. The comprehensive study of Orth and

Bushuk (1972) of 26 varieties grown at four locations showed that the

amount of water soluble protein was not correlated with loaf volume.

There have been a number of studies on the role of the salt-

soluble proteìns (g1obuìins) in breadmaking quaf ity. Koenig et al.

(1964) showed that long-mixing f]ours had more salt-soluble protein than

short-mi x'i ng fì ours . 0n the other hand, Mul I en and smi th ( I g6s ) and

Smith and l4ullen (1965) found that short- and long-mixìng fìours contajned

similar amounts of salt-soluble protein. This was later confirmed by

0rth and Bushuk (1972).

There have been several studies of the role of g'liadin in bread-

making qua'lity. The two most relevant studies in this regard are

those of Hoseney et g_l_. (1969c) and 0rth and Bushuk (j972).

using the fractionation-reconstitution technique wjth two

flours, Hoseney et al. (1979c) concluded that the difference in loaf

volume between bread flours was due to the gliadin fraction. 0n the

other hand, the solubility fractionation study of Orth and Bushuk (1972)

showed that the amount of gliadin in 104 flour sampìes (26 varieties

gorwn at 4 locations) was not related to loaf volume.

The reports of Hoseney et al. (.l969c) and Orth and Bushuk (1972)

attri bute somewhat di fferent rol es to gl uteni n i n breadmaki ng quai i ty .



The earlier study, based on two flours, concluded that glutenin was

responsible for the dÍfferences in mix'ing requirements of different

flours whereas the study of Orth and Bushuk (1972) showed that loaf

volume was inversely related to the amount of glutenin and d.irectìy

to the amount of insoluble res'idue protein. The results of grth and

Bushuk were supported by the more recent work of Huebner and l¡lall

(1976) and MacRitchie (.l978)" However further work is needed to

determine the reason for the discrepancy between the results of

Hoseney et al. (.l969c) and Orth and Bushuk (1972).

There have been many attempts to relate breadmaking qua'lity of

flour to the electrophoretic properties of its prote'ins. Elton and

Ewart (1964) showed that there were differences in electrophoretic

patterns of the glíadin and water-soluble proteins among several wheat

varieties. They suggested that the observed differences may be related

to differences in baking quaìity. However, it has been noted that the

gliadin patterns of several flours of different quaìity were quite

similar (Ewart 1966). coulson and sim (1964) used starch gel electro-

phoresis to examÍne the effect of the area of growth on the gliadin

electrophoretic patterns for 34 common wheat varieties. No djfference

was observed for each variety; it was therefore concluded that the

pattern was not affected by the area of growth. 0n the basis of these

results, they suggested that the g'liad'in electrophoretic pattern could

be used as an accurate marker for cultivar (variety) identification.
These observations were later confirmed by Lee and Ronalds (]1967), and
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Zillman and Bushuk (1979b).

Huebner and Rothfus (1968) used sulfoethyl celrurose column

chromatography and starch ge1 e'lectrophores'is to study the gliadins

of ten wheat variet'ies representing the five different classes grou/n

in the united states. varieties from different classes showed a

greater variation than those from the same class. They also showed

that some poor-baking quality wheats gave patterns that were similar

to those of good-bakìng quality wheats.

An extensive eìectrophoretic study of the gliadins of g0 wheat

varjeties grown under djfferent environmental condjtions at different

locations in the world was carried out by Doekes (.l968). He concluded

that the gliadin electrophoretr'c pattern was jndependent of growth

conditions and was a genotypjc characteristjc of the variety. He did

not observe any clear relationship between the electrophoretic pattern

and baking quality. wrì91ey (1970) examined gliadjns of a number of

wheat cultivars using a two-dìmensjonal technique that combined gel

electrofocusing and starch gel electrophoresis. He found consjderable

differences in the two-djmensional "fingerprints', among varieties.

The patterns of sampies of the variety spíca of different protein

content were qualitative'ly constant.

A'l though research , so far, has s houln that seasona I and envi ron-

mental effects do not affect the gì'iadin patterns, however,

significant reductions in band intensities, which reflect gliadin
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content, were observed in samples of sprouted or overheated wheat

(Ellis l97l). Orth and Bushuk (1972) studjed the electrophoretic

patterns of gliadins of 26 wheat varieties of diverse baking qua'lity

grown at four locations. Although intervarietal differences were

observed, there was no obvious relatjonshjp between these differences

and baki ng qual 'ity.

More recently, Baker and Bushuk (l9Zg) examined the gliadin

patterns of the second backcross of hexaploid wheat (Triticum aestjvum

L. em Thell) cv. Pitic 6? tocv. Neepawa using polyacryìamide ger

electrophoresis. They observed that not all of the 91ìadìn bands

identified were controlled by s'ingìe genes but that there were groups

of bands that were inherited as a unit and controlled by a group of

I i nked genes .

A recent comprehensive study has been carried out by the Sovjet

workers sozinov and Poperelya (1979) on the use of genetìcalìy

determined poìymorph'ism of glìadin protein and its relat.ionship to

technologicaì propertjes and baking quality. They used starch ge'l-

electrophoresis to determjne the chromosomes carrying ìoc'i cod'ing for
gliadin components in the F., and F, progeny from crosses of chinese

spring with hard winter wheat varieties 0desskaya 3, 16, and 26. They

found that the g'liadin components were inherited in a linkage form

and were control]ed by allelic loci. They also showed that the

presence of some chromosomal blocks was directìy related to baking

quality. For example, the progeny that had chromosomal block Gld IBI
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(gliadin block of components I controlled by chromosome Bl) were of

superior baking quality. 0n the other hand, the presence of

chromosomal block Gld I83 was associated with inferior baking quality.

0n the basis of these stud'ies, the Soviet workers were able to deveìop

the ideal gìiadin formula in terms of allelic blocks for maximum

quai'ity. They concluded that such informatjon should be of great help

to solve many prob'lems of plant breeding and seed production.

The use of the g'liad'in electrophoret'ic pattern to predìct

technologica] quaìity has been more successful in the case of durum

wheats. It has been shown (Ziìlman and Bushuk 1979b; Damidaux et al.

1980; Kosmolak et al. '1980) that the presence of band 42 jn the

giiadìn electrophoretic pattern by pAGE was assoc'iated with poor

gluten qual'ity (for spaghettì cooking qua'lity) whereas the presence

of band 45 was an indicator for good gluten qualíty. Since the

electrophoretíc technique can be used to analyze as little as half

a wheat kernel, it should be extremeìy useful for screening parents

and grain of early generations in durum wheat breeding programs.

Glutenin, the protein of gìuten that imparts toughness and

strength to dough, is less amenable to electrophoretic analysis than

gliadin because of its high molecular we'ight and low solubilìty.
However, considerable progress has been made on the physical nature

of this protein by the use of sodium dodecyì su]fate-polyacrylamide

geì electrophoresis (sDS - PAGE) (Bietz and wall 1972,1973,1975;

Orth and Bushuk 1973b, c, 1974; Khan and Bushuk 1976, j977,1979a).
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using moving boundary eiectrophoresis, Jones et al. (1g59) found

no significant differences in the electrophoretic patterns of the

gìutenins of bread wheat varieties of different baking quality. Orth

and Bushuk (1973c) studied reduced gìutenins of tetraploid and hexapìo.id

wheats usìng sodium dodecyl sulfate - polyacrylamide geì electrophoresis

(SDS-PAGE) to examine the relationship between g'lutenin subunits and

breadmaking quaì'ity. They observed major differences in the electro-
phoretic patterns between the tetrapìo'id and the hexapìoid wheats.

The latter contained high mo'l wt subunits which appeared to be related

to breadmaking qual'ity. However, no differences were found among the

varieties of hexapìoid wheats that could be related to differences in
baking quality. The same workers (1973b) reported that the sDS-pAGE

patterns of glutenin subunits cannot be used to characterize the baking

potential of bread wheats, although there were differences between

varieties. The patterns appeared to be genetica'lìy controlled and were

not affected by the area of growth. These results were confirmed in
general by Butaki and Dronzek (1979). Khan and Bushuk (1979a) exam.ined

unreduced g'lutenins of different wheat varíeties using SDS-pAGE. They

found two groups of proteins in the unreduced gluten.in complex, one

comprìsing low mol wt subunits that entered the gel and the other

comprising high mo1 wt subunits which remained at the origìn. They

suggested that the association between these two groups of g'lutenin

subunits may be important to breadmaking qua'lity.
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The most extens'ive study of the relationship of SDS-PAGE patterns

of glutenins of bread wheat varities and baking quaìity is that of

Payne et al. (1979) from the Plant Breeding Institute in Cambridge.

They examined the g'lutenins from the progeny of a cross between good

and poor quality wheat varieties. They showed that gìutenin subunit

of mol wt of 145,000 daltons inherited from the good qualìty parent was

essentjal for breadmakìng quality. However, these workers could not

generalize their findings to include Canadian hard spring wheat varietìes.

The review of the literature presented above indicates that

considerable work has been done on the electrophoretìc properties of

gliadin and glutenin. it is now established that the e'lectrophoretic

patterns of these protei ns are genet'ica'l'ly control I ed. And, s'ince the

gross technolog'ica'l properties (e.9. bakìng quality) are, to a great

extent, also genetically controlled, there should be an explicit

relatìonship between eìectrophoretic patterns and baking qua'l ìty. So

far, this has not been confirmed. The major portìon of the present

study is devoted to this elusive relationship.
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III. MATERIALS

The wheat samp'les used in th'is study are from the 1979 uniform

Quality Nursery grown at Lethbridge and Swift current under the

supervision of Dr. A.B. campbell of the l^linnipeg Research Station,

Agricu'lture canada. The 26 varieties, their pedigrees and origin are

listed in Table l. All samples were used to examine the effect of

envjronment on the gljadin and glutenjn electrophoretic patterns

(eìectrophoregram). Eight varieties, grown at Lethbridge, were selected

for their high or low loaf volume potentia'l and used in the dens'ito-

metric and chromotographic studies. These varieties are l'isted'in

Table 2. Milling and baking qual'ity data for all the sampres are

tabulated in Appendix I. All chemicals used'in this study were of

reagent grade.



l6

Table I Uni form Qual i ty Nursery

Varieti es, Year I 979

Variety or Cross Paren tage 0rì gi n

Mani tou Thatcher x 6lPI 170925 (Red
Egyptian type) /3/ Canthatch
/ /Thatcher x 7 /Frontana

Thatcher x 7 /Frontana//Thatcher
x 6/Kenya Farmer /3/Thatcher x
2/ /Frontana/Thatcher

Frontana/ /RL 2265/ Redman

Pembina 2 x 1 BAGE/ /CB 100

II = 50 = l0/4/Pembina/IT = 52 = 329
/3/IT = 53 = 3B/ltI = 58 = 4//Ii = 53
= 546

II53 = 388/ANDES/lPitic 62 SIB/3/
LR 64

Manitou/3/Thatcher x 6/Kenya Farmer
/ lLee x 6/Kenya Farmer

Neepawa

RL2520/ /Tc* 6/KF

Glenlea

Era

Sonal i ka

Si nton

Ches te r

Kenya 32l.BT.l.B.l

Mi da/Cadet

Sari c 70lNeepavra

Pavon si b

Tesopaco sib

J IT-35-21

H-Ra 2F,

Australia 45C5lKenya II 7A

Mercury/RL 625

Bl uebi rd 3

cM-8399-D -4t4-2Y -2t4- 3Y- I M-0Y

BR69- I Y-3M-0Y

Canada

Can ada

Can ada

Canada

Un'i ted
States

Indi a

Canada

Can ada

Kenya

Uni ted
State

Mexi co

Mexi co

Mexi co

Indi a

IN]A/
Mexi co

I I -41 593- I R-3M- I S-2M-0S
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Table l. uniform Quality Nursery varieties, Year 1g7g - continued

Variety or Cross Pa ren tage 0rìgin

Bul bul

M.J. INTA

ND 560

ND 563

James (SD 2273)

sD 2355

Len (ND 543)

Mn 70170

NAPB NSH 183-74

NAPB NSH IOOI-75

CT 790

Pak i s tan

Argen t ì na

Uni ted
States

Un i ted
States

Un i ted
States

Un'i ted
Sta tes

Un i ted
States

Un i ted
S ta tes

Canada

Canada

Canada

Pi62 - Frond/Pi62 - Mazoe x
l'lxp 65 PK 2858 - 7a - 3a - 4a - 0a

0l aflButte

ND 507 / llviic 27U Pol k

0laf/ND 5.l0 -2

0ì aflNeepawa

ND 4s9/3/JTN/RL 4205/Wr 261

l^Jal dron/Era
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Table 2. Loaf volumes of tíght varieties selected to Represent H'igh
and Low Loaf Vol umes

Vari etyl

Saric 7OlNeepawa

Kenya 321 . BT. I . B. I

Chester

Sinton

H-Ra 2F,

Tesopaco Sib

Sona I i ka

Glenlea

Remix Loaf Volume
(cc )

I 045

I 000

I 050

I 070

570

570

675

620

lnll grown at Lethbridge
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IV. METHODS

A. Mi I l'ing and Breadmaki ng Quaì ì ty Tests

All of the technologìca1 data shown'in Appendix I, except the

rem'ix loaf volrrme, were obtained by the Approved Methods of the

American Association of cereal chemists (A.A.c.c. ]1962). The rem.ix

loaf volume was obtajned by the baking procedure described by Irvine

and McMullan (1960). This baking test is a strajght dough method which

uses vigorous dough mixing in order to accentuate the differences

between "weak" and "strong" flours. The method has been particularly

useful for differentiat'ing varietjes in the canadjan hard red spring

wheat breeding program.

B. Gljadl'n Poìyacryìamide Gel Electrophores-is

The flat-bed apparatus and the method used are those of Bushuk

and Zillman (1978). The gel and tank buffer recìpes are given in

Table 3. The only modification to the origìnar method was the

repìacement of aluminum lactate by sodium lactate in the runnìng

buffer solution. The procedure is as follows. A 6% gel was prepared

by d'issolving 12 g acry'lamide, 0.6 g b'isacryramjde, 0.zE g ascorbic

acid, 0.002 g ferrous sulfate, and 0.3 g sodium lactate (60%) jn

dist'illed water to yield 200 ml of total volume. A final pH of 3.ì

was obtained by adding lactic acid. To po'lymerize the ge1 solution

(after chilling for 20 min. at l"c), I ml of 3% hydrogen peroxìde
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Table 3. Composition of Gel and Tank Buffer Solution

^r-

Gel sol ution

Acryl ami de ]lZ.O g

N,N' - methyìene bisacrylamide 0.6 g

Ascorbi c acj d O.ZS g

Ferrous sulfate 0.002 g

Sodium lactate (60%)* 0.3 g

Lactic acid ¿o pH 3.1

Cataìyst solution

Hydrogen peroxi de, 3% 1.0 ml

Tank buffer solution

Sodium lactate (60%)* 0.3 g

Lacti c aci O to pH 3. I

*Syrup form, Fisher Scientific Co.
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(cataìyst) was added just before pourìng the solution into the electro-

phores'is apparatus .

The gl i adi n sol ut'ion for ei ectrophores i s was prepared by extract'ing

0.5 g ground grain with three times its weight (1.5 ml) of l0% aqueous

ethanol in a stoppered centrifuge tube. The mixture was vortexed

periodica'l1y during 60 m'in. at room temperature. After centrifugatÍon

(10 min. at 20,000 x g) the clear supernatant was decanted and mixed

with 2 ml of tank buffer. Powdered sucrose (about 30% Vt/U) was

d'issolved in the samp'le solution to increase the densjty and facilìtate
samp'le appl ication to the slot in the e]ectrophoresis gel . Methyl

green (about 0.02 g) was added to the sample solution to serve as a

tracking dye during electrophoresis. Just prìor to the start of

electrophoresis, l7 ul of sampie was deposited into each slot. The

electrophores'is was carried out at a constant current of 120 mA. The

starting vo]tage corresponding to this current was 460 volts which

dropped to 350 volts by the end of the run. Total run time of 4.5

to 5 hours was required for good resolution.

0n termination of electrophoresis, the gei was removed from the

apparatus by'lìfting with a piece of acrylic piastjc of approprìate

size and stained for 48 hrs in staining solution contaíning 0.ì g

coomassie Brilliant Blue R (dissoived in l0 ml of 95% ethanoì) in

250 ml of 12% trichloracetic acid. The gel was destained for 24 hrs

in destaining solution containing l2% tr-tchloroacetic acid in

distilled water. Following destaining, the gel was rinsed with
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water and photographed on Kodak 5069 High Contrast Copy film. The

film was developed wíth Dl9 developer. Printing was done on Kodak

tktamatic SC photographic paper using Kodak Ektamatíc Al0 activator

and Kodak Ektamatic S30 stabilizer.

C. Scanning of Eìectrophoregram by Densjtometer

An Ortec Model 4310 densitometer, operating ìn visible 'light

mode, was used to obtain the analog absorbance data from a posìtìve

film transparency of the eìectrophoregram. The absorbance was

corrected for background dens'i ty of the transparency and recorded on

a standard ìength of chart paper. The area on each electrophoregram

profìlewas determ'ined with a pìanimeter. This area was considered as

an estimate of the total gfiadin content in each sample (that entered

the gel on electrophoresis) and arbitrarily taken as one unit of

protei n.

D. Protein Solubility Fractionation

The dissociating solvent 'AUC' , contaìning urea (3M), acetic

acid (0..lM), and cetyltrimethyl ammonium brom'ide (0.01M) was used in

this study as recommended by Meredith and Wren (1966) because of ìts
high protein extractabilìty. The alcohol-pH precìpitation method of

Orth and Bushuk (1973a) was used for gìutenin and gliadin purification.

The procedure was as follows. AUC solution (86 mì) was added to a

gìuten ball, obtained from 5 g ground grain, and the suspension kept
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overnight at 4oC. The suspension was centrifuged for 20 min. at

20,000 xg at room temperature. The supernatant usually had a f ipid

overlayer and for this reason the required volume of clear supernatant

was removed with a Pasteur pìpette. tthanol was added to the supernatant

to a concentration of 70% (U/U). The solution was stirred for 30 min.

at room temperature,'its pH adjusted to 6.6 with 2N sodium hydroxide,

and stored overnight at 4'C. The precip'itate wh'ich formed was separated

by centrifugation for 20 min. at 20,000 xg at room temperature. The

precìpitate was then redissolved with AUC solvent and the glutenìn

was reprecipitated by 70% ethanol at pH 6.6 and separated by centri-

fugation as indicated above. Finalìy th'is glutenjn was dispersed in

100 ml of 0.01 M acetic acid and dìa'lysed aga'inst frequent changes of

distilled water for 2 days at 4'c. contjnuous mix'ing during dialysis

was provided by magnetíc stìrring. Following the diaìysis the

retentate was frozen and freeze-dried to yie'ld "purified" gìuten'in.

The combined supernatants (contaìning gìiadin) from the first
and second treatments with AUC were dialysed against distìlled water

for 2 days at 4"C and freeze-drjed to yieìd "purified" gìiadin. The

freeze dried samples were stored in a refrigerator and used as

requi red.
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E. Determination of Protein Content of
The AUC Extracts

After selectjon of AUC as the protein solvent for wheat proteìns

by Meredi th and tr^Jren ( 1966 ) , some authors (Bushuk and hlri gl ey i 97ì ;

Butaki 1977) expressed concern about the use of micro-Kjeldahl method

for n'itrogen determination (in freeze dried protein fractìons)

because of the poss'ibilÌty of urea contamination of the proteins.

In the present study, the micro-Kjeldahl method was used and values

obtained were corrected for urea nìtrogen by the method of Evans (.¡968).

This method is based on the reaction of urea with acidic diacetyì

monoxime and th'iosemicarbazide during a short heating period. The

anaìyticaì procedure was as follows. stock standard solutÍon was

prepared by dìssolving 1.712 g of dried urea in djstilled water up to

I litre total volume. To this solution was added 5 drops of concentrated

sulfuric acjd. The n'itrogen content (urea nitrogen) of this solution

is 800 mg per I'itre (nitrogen accounts for 28/60 of the weight of

urea). A working standard was prepared by diluting'l mì of the

standard stock solution to l0 ml with E% trichloroacetic ac-id (TCA).

chemical reagents that were used in this assay are shown ìn Table 4.

standard curve data for urea njtrogen determination are shown in

Table 5 and the standard curve .in F-ig. I .

Before the application of this assay to AUC extracts, it was

app'lied to a standard protein (bovine serum albumjn) and to wheat

protein extracted with solvent that did not contain urea. All

results showed that the bovjne serum albumin and the wheat protein
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Table 4. Chemical Reagents for Urea Nitrogen
Determi nat'ion

Reagents

Stock diacetyl monoxime (DAM)

DAM

Dist'illed water

Stock thiosemi carbazide

Thi osemi carbaz'ide

Di sti I led water

DAM - thiosemicarbazide reagent

DAM (stock)

Thi osemi carbazi de (stock)

Di sti I led water

Acid reagent

Concentrated sulfuric ac'id

Phosphoric acid
Ferric chloride
Di sti I I ed water

Color reagent

DAM - thiosemicarbazide reagent

Acid reagent

2.5 g

up to 100 ml

0.25 g

up to 100 ml

24 m1

l0 ml

up to ì00 ml

80 ml

l0 ml

0.5 g

I 000 ml

ì part
5 parts
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Table 5. Data for Standard Curve for Urea Nitrogen
Determi nation

Tube123456

lJorki ng standard, ml

Urea ni trogen, pg

TCA (5%), n1

Color reagent, mi

0.0

0.0

0.5

5.0

0.1

o()

0.4

5.0

0.2

l6

0.3

5.0

0.3

24

0.2

5.0

0.4 0.5

32 40

0. I 0.0

5. 0 5.0



Figure 1. Standard curve for urea nitrogen
determi nati on
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do not interfere with the color reagent

Solutions of "purified" gliadin and

urea anaJysis by dissolving the protein

methods of di aiysi s were app'l i ed before

The djalysis procedures were as follows:

used for the urea assay.

glutenin were prepared for

in AUC sol vent. Three

freeze drying the sampìes.

l. AUC solutions were p'laced in diaìysis tubing (exc'lusion

limit - 14,000 daltons). Dialysis was carried out at 4oc against

distilled water for 5 days. The diaìysis solution (distilìed water)

was changed once every day during the dialysis period to ensure the

removal of low molecular weight substances.

2. This method of dìalysis was the same as the first except

that a magnetic stirrer was used to continuous]y mix the solution
during dialysis. Total dìa1ysís time in this case was two days during

which time the dialysis solution was changed at least l0 times at
regul ar i nterval s .

3. Dia'lysis tubing containing the AUC - protein solutions were

folded to form an annulus and placed inside a plastic tube attached

to a rocker arm assembly. Distilled water was pumped at a constant

flow around the diaiysis tubing, causing the mechanism to periodìcaìly

dip and empty before refilling. The total time for diaìysis was 6 hr.

At the end of each dia'rysis run, the dialysates were frozen and

freeze-dried.
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After the preparation of the samples by the three dialysìs methods,

urea nitrogen in the freeze-dried samples was determÍned as follows.

Ten mg of dry samp'le was dispersed in I ml of 10% (rcn¡ and I ml of

distilled water. The suspension was centrifuged at 10,000 xg for l0
min. at room temperature. To 0.5 ml of the clarified supernatant was

added 5 ml of the color reagent (see Tabre 4). At the same tìme, a

reagent blank was prepared by m'ixing 0.b ml of E% (rcn¡ and b ml of

color reagent. The two solutions (sample and blank) were heated jn

boiling-water bath for 8 min. and then cooled to room temperature.

Absorbancy of sample solution, corrected for that of the blank" was

obta'ined at 520 nm on a Zeiss M4 QIII spectrophotometer. The amount

of urea nitrogen in the solution was determined from the standard

curve ìn Fig. l.

All data obtained showed a complete absence of urea nitrogen

contamination in the sampies obtained from the second and the third
methods of dialysis. Results for sampies obtained by the first
method of dialysis showed that these conta'ined 0.4 to 0.5 mg urea

nitrogen per]00 mg dry sample. This amount of urea nitrogen would

reflect an increase in protein content (after multipìying wjth the

factor 5.7) of about 3%. 0n the basis of these results, the second

method of dialysis was adopted to ensure the removal of all urea

ni trogen by dia'lysis.
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F. Sodium Dodecyl Sulfate - Polyacrylamide Gel

t'ì ectrophores'i s (SDS-PAGE )

sDS-PAGE was performed according to the procedure of Khan and

Bushuk (1977 ) with one minor modifjcation. Instead of the vert'ical

apparatus, the flat bed apparatus, developed by Bushuk and Zillman

(.l978) for PAGE, was used. The procedure was as follows. For the

5% ge1 concentration, ll g acry'lamìde and 0.27 g methylenebisacryìamjde

were dissolved in 200 ml of 0..l25 M tris-borate buffer, pH 8.4,

containing 0.1% SDS (l,J/V),50 mg sodium sulfate, and 0.5 ml

dimethyìaminopropionitri le. To this solution, 5 mì of z% ammon'ium

persulfate (cataìyst) were added just before pourìng into the electro-

phoresis apparatus. After polymerization, the ge1 was pre-run for

20 min. at constant voitage (20C volts).

For SDS-PAGE, the protei n samp'les Ì\,ere suspended i n ge1 buf fer

solution with 1% sDS (hJ/v) at a concentration of 10 mg/m't and reduced

wjth l% nercaptoethanol (V/V) for 5 min. at 90'C and overnìght at

room temperature. Mercaptoethanol was omitted from the solution when

reduction was not requ'ired. Centrifugation procedure was required at

thìs stage to remove trace amounts of insoluble material present'in

the solution. Sucrose (about 10% w/u ) was added to the supernatant

to increase its density and bromophenol blue was added as a tracking

dye.

Electrode buffer was 0.125 M tris-borate containing 0.r% sDS.

Total time required for electrophoresjs was 3.5-4 hr. at 200 volts;

during this period the tracking dye migrates about ll cm.
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0n termination of electrophoresìs, the geì was rinsed with

d'istil led water and sta'ined overnight in stainìng soìution compris.ing

1.6 g coomassie Brilliant Blue,800 ml ethanol (9s%), 126 ml glacìaì

aceti c ac j d and 800 ml di s t'i I I ed water. The ge'ls were des tai ned

in solution containtng 25% methanol and l0% glacial acetic acid with

gent]e shaking until the background was clear (usuaììy 5 days).

Photographs were taken using Kodak 5069 High contrast copy fjlm. The

film was developed w'ith Dl9 developer. printing was done on Kodak

tktamatìc sC photograph'ic paper using Kodak Ektamatic Al0 activator

and Kodak Ektamatic S30 stabìlizer.

G. Gel Fj I tration Chromatography

sephadex G-200 was used in this study to determine the gel

filtratjon profiles of the total extractable protein and protein

fractions solubilized with AU solvent (aqueous solution of 0.1 N

acetic acid and 3M urea). The filtration column was prepared as

described by Khan and Bushuk (1979b). sephadex G-200 was djspersed

gently in distilled r¡rater for 24 hr. at room temperature and equ.i-

l'ibrated for 3 days urith AU elution solvent. The sìurry was then

deareated by suction and poured into a z.s x 100 cm column and

allowed to settle.

Duri ng condi ti oni ng and fi I trati on, downward fl ow rate of el uent

was controlled by a Maríotte-type container. Blue Dextran (mol wt
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2,000,000) and tryptophan (mol wt ?04) were used to determjne the

void and total elution volumes required for each run.

For chromatography, 70 mg of the freeze-dried protein sample was

dissolved with 4 ml AU solvent and kept overnight at room temperature.

For "total" protein extraction,2 g samp'le of defatted ground graìn

was suspended in l5 ml AU solventand kept overn'ight at room temperature.

In both (freeze drjed protein and ground grain) cases, the suspens'íon

was centrifuged for 30 mjn. at 20,000 xg at room temperature to remove

trace amounts of undissolved materials. The same amount of proteìn

(about 40 mg) was applied to the column in each run. The vorume

applied to the column was adjusted according to proteìn content to

contain 40 mg proteìn. The column effluent (about 9 n1/hr) was

collected in alìquots of 4.5 ml. Absorbance of each tube was

determ'ined at 280 nm on a Zeiss M4 QIII spectrophotometer and used

as the index of protein concentration jn each tube to plot the gel

filtration profile. Duplìcate experiments were carried out for

each elution profile. The agreement between duplicates was

sufficiently close to permit averaging of the results.
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V" RESULTS AND DISCUSSION

The results of this study are presented in five sections.

Section A deals with statist'ical relationships between protein content

and different qua'lrlty parameters for the twenty-six varieties, each

grown at two locations. Section B presents the results on the

influence of growth area on the gliadin e'lectrophoretic pattern

(electrophoregram) and on the relationsh'ip between the distribution

of gljadin components determined by poiyacry'lamide ge1 electrophroesis

(PAGE) and breadmaking qua'ljty. Section c deals with the effect of

location of growth on the densitometric profile of the g'liadin electro-

phoregram and the relationship of the densìtometric data and bread-

making quaf ity. sodium dodecyl sulfate - po]yacry]amide geì electro-

phoresÍs (sDS-PAGE) results for reduced and unreduced glutenins of

the 26 cultivars are presented in section D which covers also the

influence of location of growth on the SDS-PAGE patterns. Fìnaìly,

Section E deals with the relationship between geì filtration profiles

of total protein and protein fractìons and breadmaking quality.

A. Protein Content and Breadmaking Qua'l'ity

The technoìogica'ì data discussed ìn this section are tabulated

in Appendix i. The correlation coefficients between protein content

and selected parameters are presented in Table 6 (Lethbridge), Table

7 (swift current) and rable I (both stations). In the discussion
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Table 6. Correlation Matrix
for Varieties

of Fi ve Qua'li ty Parameters
Grown at Lethbridge

Flour protein

Sedimentation val ue

FarÍnograph absorption

Dough development time

Remix load volume

1.0

0.22 1.0

0.66** 0.39*

1.0

0.67*x

0.54**

0.45*

0.59**

1.0

0. l8

0.56**

0.47* .l.0

Significant at the l% level

Significant at the 5% level

Quality Parameter

I

2

1
J

4

5
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Table 7. Correl ati on l4atri x
for Varieties

of Five Quality Parameters
Grown at Swift Current

Qual i ty Parameters I 54J2

I

2

IJ

4

5

Fl our prote'in

Sedimentation Value

Faninograph absorpti on

Dough development tìme

Remix loaf volume

I "0

0 .62** I .0

0.51** 0.06 1.0

0.36* 0.50** 0.23 1.0

0.45* 0.31 0.60** 0.31 .l.0

Significant at

Signìficant at

the l% level

the 5% level
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Table B. correlation t'latrix of Five Quaì i ty parameters
for Varjetìes Grown at Lethbr-idge and Swift

Curren t

Quality Parameters I Ã4?2

I

2

3

4

5

Fl our Protei n

Sedimentati on Value

Fari nograph absorpti on

Dough development time

Remi x I oaf vol ume

1.0

0.67** 1.0

0.55** 0.17 1.0

0.42** 0.52** 0.26* 1.0

0.51** 0.39** 0.59** 0.33** 1.0

Si gni fi cant at the I % I evel

Signifícant at the 5% level
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that follows "hìghìy significant" correlation, indicated by the

standard double asterisk superscrìpt, indìcates 1% level of s'ign'ifìcance.

Significance at the 5% level will be referred to as "significant" and

indicated by a s'ing'le asterjsk superscr.ipt.

I . Sedimentation Val ue

The Sedimentation Value'is the volume of a g'iven amount of flour
that has been allowed to swell in lactic acid solution and settle

for a constant amount of time. It is used w'idery as a quaìity

screening test in breed'ing programs.

In the present study, highiy sign'ificant correlations were obtained

between sedimentation value and protein content for the two sets of

data analyzed individuaììy or as a single population. The range of

protein content'in the samp'les analyzed js of sufficient wìdth to

make the statistical ana'lysìs valid. These results are in agreement

wìth published informatjon (Orth et al.1g7z; Fowler and De La Roche

1e75).

The scatter diagram (Figure 2) indicates relativeìy wide

variability in sed'imentatÍon values at constant protein. This is

borne out by relatively hìgh standard deviation (+ 6.49). The

variability observed here r¡ras considerabìy greater than those obta.ined

for sampies of the same variety but of different protein content and

reflects the wide variabiljty in "protein quality', among the samples

selected for this study. It is assumed, perhaps unjustifiab]y, that



Fi gure 2. Relationshjp between
flour protejn content
Lethbrì dge

sedimentation value and
for varieties grown at
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interclass variability in starch damage (urh'ich affects Sedimentation

value) is minimal for the group of varieties used in the present study.

These results (and others presented later) indicate that the wheat

varieties selected for this study are suÍtable in terms of the objectives.

The three correlatìon coefficients for protein and sedjmentation value

are: Lethbridge, r = + 0.67**; Swift Current, r = + 0.62** and total
population, F = + 0.67**.

2. Fa rinograph Absorpt.ion

Farinograph absorptìon, wh'ich indicates the amount of water that

must be added to the flour to produce an approprìate bread dough, was

also highìy significant]y correlated with protein content. The r values

are: Lethbridge, r = + 0.54**; swift cuffent, r = + 0.51** and total
population, F = + 0.55**. As in the case of the Sedjmentation Value -
protein relationsh'ip, the standard deviation for the absorptìon_prote.in

correlation was quite h'igh (+ Z.qg; Figure 3), indicating that "protein
quaìity" contributes sign'ifìcantly to water absorption in addjtion to

protein content. The results reported here are consistent wìth

published work in this area for widely different varieties (grth et al.
1972: Fowler and De La Roche 1975).

3. Dough Development T'ime

Dough development time,

technologica'l 1y important in

mixing time) that is required

This study showed that dough

measured with the Farinograph, js

that it is an index of the energy (or

to produce an appropriate bread dough.

development time is not highly significantìy



Figure 3. Relationship between farinograph water absorpt'ion
and protein content for varjetjes grown at
Lethbri dge
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correlated with protein content jn both locations (Lethbridge

r = + 0.45*; Swift Current r = + 0.36*).

4. Remix Loaf Volume

The "remix loaf volume" is considered to be the all-incrusive

index of baking quaiity of Canadian wheats (Irvine and McMullan 1960).

Generally'it is sign'ificantìy correlated w'ith prote'in content. In the

present study a hìghly s'ignificant correlation was obtained for the

Lethbridge samples (r = + 0.59**; F'igure 4) and for total popuìatjon

(r = + 0.51**). For the Swift Current samples the correlation was

signìficant but at the 5% level. The standard deviation for the Swift

Current samples, (+ 142), was higher than the Lethbridge sampìes (+ 120).

The reason for the higher standard deviation for the Swl'ft Current

results was not investigated.

The data'in Tables 6,7 and I show that loaf vorume is h'ighìy

sìgnificant'ly correlated wjth farinograph absorption (Figure 5) but

the correlation v'rith Sedimentat'ion Value and dough development tìme

was not significant at 1% level. The lack of signìficant correlation

between remix loaf volume and sed'imentation value questìons the

universal app'l'ication of the Sedimentation Value for screening wheat

popu'lations in breeding programs for breadmaking quality. Indeed,

the Sedimentation Value has not been part'icuìarly useful in Canadian

programs and therefore is not extensively applìed jn Canada.

Two types

have been used

information, derived from the remix loaf volume,

an attempt to obtain expìicit information on "proteìn

of

in



Figure 4. Relationship between remjx loaf volume and
proteìn content for varjetjes grown at
Lethbri dge
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F'igure 5. Relationship between remix loaf volume and
farinograph water absorptìon for varieties
grown at Lethbridge
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quality" for breadmaking. These are: l) loaf volume per unit proteÍn

used by Orth et al. (1972), and 2) the bakjng strength index (BSI) used

by Tippìes and Kilborn (1974). The BSI attempts to combjne both loaf
volume and protein content'into a sing'le index that reflects',protein
qua1ity". It is not used outsìde Canada.

Loaf volume per unit protein data (Table 9) show that thjs quaììty
parameter depends on both genotypìc and environmental factors. Further-

more" the differences between the stations for each variety are both

positive and negat'ive, indjcatjng that genotype environment jnteraction

contrìbutes to this parameter.

The BSI values (Tab'le ì0) are consistent wìth

that prote'in "quaì i ty" contrjbutes substantia'ìly to

In the Canadian system, Neepawa is considered to be

standard in terms of BSI.

the wel I known fact

breadma ki ng poten t'i a ì

mìnjmum quality

The data of Table l0 show several .interesting anomalies in

add'ition to the consistentìy high vaìues for Canada l^Jestern red spring

varieties and the extreme'ly ìow val ue for the c. u. (canada uti I i ty)
variety Glenlea. For exampìe, the hjgh yielding u.S. variety Era,

wh'ich consistently has low prote'in content because of its high yielding
capac'ity, has the highest BSI value. This point js vrorthy of note by

Canadian wheat breeders. 0n the other hand, the variety Saric 70/Neepawa,

has a relativeìy iow BSI but still gave a high ìoaf volume because of

its exceptiona'lìy high protein content. A comparative study of the
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Table 9. Loaf Volume per Unit Protein for Twenty-
Six Varieties from Two Stations

Vari ety Loaf volume per un'it proteìn
(cc. /%)"

Swi ft Current Lethbri dge

Mani tou
Neepawa
RL 2520/ /Tc* 6/KF
Glenlea
Era
Sona I'i ka
Si nton
Ches te r
Kenya 32l.BT.l.B.l
Mi da/Cadet
Saric 7OlNeepawa
Pavon Si b
Tesopaco Sib
J iT- 35-21
H-Ra 2F,

Bulbul
M.J. INTA
ND 560
ND 563
James (sD zz73)
sD 2235
Len (ND 543)
Mn 701 70
NAPB NHS I83-74
NAPB NHS IOOI-75
CT 790

54.7
56.4
57 .5
36.2
54. 0
48.9
52.8
55.7
62.0
60.7
54.6
6?.9
32.2
5l .0
27 .0
57.5
43. 3
56.3
46.5
58. I
60.4
54.2
59.4
6l .6
58.5
53.5

6l.l
60.0
60 .8
4l .3
65 .6
47 .6
63 .5
64.0
63 .3
60.4
52.3
56.?
40.9
55 .6
36. I
50.1
50. B

50.8
5l .4
42.1
50 .8
53.8
54.7
56.8
57.0
53 -2

*Based on % protein on a dry basis
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Table 10. Flour Protein, Remjx Loaf Volume and Bak'ing
Strength Index for the Samples Grown at

Lethbrìdge and Swift Current

Vari ety
Lethbridge Swift Current

F I our Remix Loaf
Protein Volume ó)l'^

(%) (cc ) (%)

Flour Remix Loaf
Protein Vol ume

(%) (cc )

BSI*

(%)

Mani tou
Neepawa
RL ?.520//Tc* 6/KF
Glenlea
Era
Sona I i ka
Si nton
Ches te r
Kenya 32l.BT.l.B.l
Mi da/Cadet
Sari c 70/Neepar,ra
Pavon sib
Tes opaco s'i b
JIT-35-21
H-Ra 2F,

Bul bul
Iq.J. INTA
ND 560
ND 563
James (SD ?273)
sD 2355
Len (ND 543)
Mn 701 70
NAPB NHS 183-74
NAPB NHS IOOI-75
CT 790

l3.l
13. I
I 3.0
12.0
ll.3
ll.l
13.6
13.3
12.6
13. I
16.5
12.5
11 .2
14.5
12.5
ll.0
12.9
13. 5

13.6
13.6
13.7
13.3
12.1
ll.8
ll.0
13.5

980
970
975
620
915
675

I 070
I 050
I 000
990

I 045
875
570
995
570
705
850
850
otrf,
OJJ

705
875
900
820
825
795
890

I r4
ll3
ll4

79
125

94
120
120
121
ll5
95

107
79

104
70
99

l0l
96
96
79
97

103
104
107
112
100

13. B

13.7
l3 .3
13.2
12.3
ll.5
13.6
14.0
13.3
t4.0
15.9
13.0
12.2
14.4
12.9
12.3
13.7
13.7
14.4
13.6
13.7
13.6
12.8
12.8
12.2
14.3

915
925
930
585
835
710
890
945
995

I 030
I 060
l0l0

490
890
440
875
750
950
805
945

I 005
895
925
945
BB5
915

l0l.l03

107
6B

104
95

100
102
ll4
112
100
ll9
62
94
52

109
83

105
B5

106
112
100
ll0
ll3
lll
97

ÞcT -IJJI -
Loaf Volume x 100

(Flour proterT-r- J[f --$g
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proteins of tra and Saric 7OlNeepawa would be extremely interestìng.

The above discussion pertains to the data for the Lethbridge

sampìes. The data for the Swift Current samples demonstrate another

interesting point. l,jhile these samples were generally higherin

protein content than the Lethbridge sampies, the BSI values for more

than half of the sampìes were substantially'lower, indjcatjng a lower

proter'n "quality". More data are needed to determine if this apparent

effect of env'ironment is real.

B. Gliadin Electrophoresis Results

l. Effect of Environment

Whìle it is wel I documented that the g'liadin eìectrophoregram is

a genotypic characterjstic that is not affected by env'ironment (Zìl1man

and Bushuk 1979a and references there'in) it uras necessary to examine

the samp'les from both stations to ensure that they are accurately

identìfied. Typìcaì results for four randomly selected varjeties are

shown ín Figure 6. In each electrophoresis experiment patterns I and

l0 were for the varìety Marquis which has been adopted as the reference

variety. The electrophoregrams for the remaining varÍet.ies used in

this study are shown ìn Appendix II.

First of all, the results of Figure 6 show that sodjum lactate can

be freeìy substituted for aluminum lactate in the running buffer

solution without any alteration to the electrophoregram. The pattern



Fi gure 6. Gliadin electrophregrams of wheat varieties
grown at Lethbridge (L) and Swjft Current (SC)

Figure in parentheses is the proteÍn content
(N x 5.7, 14% n.b.)

6.l.

2.

Marqu ì s

Sonal i ka
(12.5%)

Sonal i ka
(12.2%)

Glenlea
(13.e%)

Glenlea
(12.e%)

RL2520/ /rc*6/KF (SC)
(13.e%)

RL25?0/ /Tc*6/KF (L)
(13.8%)

Neepawa
(14.1%)

Neepawa
(13.e%)

Marqu'is

(sc¡

(L)

(sc )

(L)

7.

B.

o

10.

J.

4.

5.

(SC )

(L)
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for the Marquis reference shown here is the same as that obtained by

Bushuk and Zillman (1978) using the traditional aluminum lactate

buffer. (This was also confirmed in the present study but the results

are not shown.) As indicated ín the Materials section, the reason for
the substitution is the wider availability of sodium lactate'in pure

form.

Second'ly, the two (two statjons) electrophoregrams for each variety

are identical. This is cons'istent with publíshed information and

confirms that the two samp'les are indeed of the same variety.

Thirdly, since some of the samples for each variety d'iffered.in

protein content, the results presented here are consistent with the

published information on the independency of the eletrophoregram on

protein content over the range of variability encountered under

commercial production conditions. It has been shown (zi]|lman and

Bushuk 1979a) Ûrat the electrophoregram of samples grown under

conditions where there was an extreme lack of nitrogen, which leads

to very low grain proteÍn content, did not show some of the faint bands.

Fina'lly, there is considerable variabirity among the electro-

phoregrams of the varieties examined 'in this study. Accordingly,

their use'in the present study on the relationshjp between breadmakìng

quality and electrophoretic properties, is justified.
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2. Gliadin Electrophoregrams and Bakìng Potential

The possibility of qualitative and quantitatjve differences

between varieties, of varying baking potentia'l , in the gì-iadìn

electrophoregrams was investigated by analysing the electrophoregrams

of eight of the Lethbridge samp'les selected for their high and low

loaf volume. These electrophoregrams are shown in Figure 7. slots

numbers 2 to 5 represent high ioaf volume varieties, slots numbered

6 to 9 represent low loaf volume varieties, and slots I and l0 are

again used for the reference variety (Marquis).

while there is marked variab'il ity among the e'ight varieit'ies,

there is no obvious characteristjc pattern (or part thereof) that can

be ascribed to either the high or the low loaf volume variejt'ies.

This observatjon js generally consistent with published information

(Elton and Ewart 1964; Doekes 
.l968; 

Orth and Bushuk 1g7z). However

there is suggestion that there are qual'ity-related differences in the

intermediate (indicated in Figure 7) mobility zone of the electro-

phoregram. In this zone, all of high 'loaf volume samples contained

the pronounced doublet (indicated by the arrow). Furthermore, all
of the varietjes (used in this study) ürat had an acceptable loaf

volume had the same doublet (see Appendices I and II). However, there

are a few low loaf volune varietjes that have the same doublet. According'ly

it can be concluded that while the doublet is a marker of breadmak'ing

quality it is not totalìy specifìc. The exception to this generalizatjon



Fi gure 7.

I . t'larqu'is

2. Sari c 7OlNeepawa

3. Kenya 321 . BT. I . B.

4. Chester

5. Si nton

6. H-Ra 2Fz

7. Tesopaco s'ib

8. Sonal i ka

9. Glenlea

I 0. Marqui s

Gliadin electrophoregrams of eight varieties
(grown at Lethbridge) selected for hjgh and
low remix loaf volume.

Loaf Vol ume---IcÐ-

I 045

I 000

I 050

1070

570

570

675

620
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is the variety Glenlea (slot 9, Figure 7) which gives low loaf volume

because of jts overly strong dough m'ixing characteristics (Bushuk

1980). Perhaps the doublet can be used as a marker of strong and

very strong dough mixing properties rather than loaf volume as

determined by a standard baking test as used in the present study.

Further work on more varieties is needed to invest'igate thìs poss'ibìlìty.

As an extension of the observation noted above, the gliad'in electro-

phoregrams for the 88 licenced Canadian varieties published by Zillman

(l9iB) vrere examined for the presence of the characteristic doublet.

It was noted that the patterns of the 50 common wheat varieties on'ly

those of the hard red spring class deemed equal to Marquis by the

l'icencing process contained the doublet. However, some of other

varieties also had the doublet, according'ly jt was not possible to

use the doublet as a marker of Marquis-type breadmaking qua'lity.

until recently all of the research in this area had shown that

there was no simpìe relationsh'ip between a gìiadin e'lectrophoregram and

breadmaking quaìity. However, in 1979 the Soviet workers Sozinov and

Popereìya (1979) reported that gliadin components are very important

and benefi ci al markers of techno'log'ica'l qual i ty. These workers observed

that the Sedimentation Values were higher for wheat lines (in a genetic

experiment) whose e'lectrophoregram contained g'liadin block Gld IA2.

Since different e'lectrophoretjc methods were used in the Soviet and

the present studies, it is not possible to say ìf the quaìity reìated

doublet is part of the gliadin block Gld IA2. To interrelate the two
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sets of results, it
used by Soz'inov and

present study.

would be necessary

Poperelya (1979) by

to anaìyze the aneuploid lines

the PAGE method used in the

C" Densitometric Anaìysis of Gl iadin Eiectrophoregrams

In th'is part of the study, photograph'ic negatives of the electro-

phoregrams (obtained by PAGE) were scanned on a recording micro-

densitometer (ORTEC Model 4310 Dens'itometer) to examine the effect of

environment and genotype on densitometric profì1es. Two parameters,

total gliadin content and gliadin content per unr't graìn protein,

derived from the densjtometric profiles, were analyzed to determine íf
they were related to the remjx loaf volume.

l. Effect of Environment on Densitometric profiles

Four wheat varieties, randomly selected, each grovvn at the two

locations (Lethbridge and Swift Current) were used in this expe¡iment.

The gliadins of the eight samples were electrophoresed jn a single geì

to eliminate potentiaì inter-gel effects. The two electrophoregrams

were scanned and the profiles were recorded 'in superimposed fashion.

The duplicate profÌles for the four selected variet'ies are shown in

Figures 8 to ll.

For three of the four varjet'ies, the intravariety agreement is

considered excellent; the small deviatjons indicated minor quantìtative

differences in band intensity. These are considered ìnsign.ificant,



F'i gure 8. Dens i tometr j c prof i I es of v¡heat cv . Neepawa
grown at Lethbridge and Swift Current.
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F'igure 9. Densitometric profìles of wheat cv.
RL2520/ /Tc*6/KF grown Lethbri dge and
Swift Current.
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Figure 10. Den s i tome tri c
at Lethbridge

profìles of wheat cv.
and Swift Current.

Glenlea grown
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Fì gure 'lì . Densi tometri c prof il es of wheat cv. Sonal'ika
grown at Lethbridge and Swift Current.
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especiaily in view of the fact that the dens'itometric measurements

were made from a phOtographic negat'ive. In some cases, these very

small differences were probabìy related to the difference ìn protein

content between the samples of each varìety.

Significant qualitative and quantitative d'ifferences vtere

observed between the densjtometric profiles for Glenlea (Figure l0).

However the djfferences were not significant to mask the quaìitative

nature of the Glenlea electrophoregram. The only exp'lanatìon that can

be offered for the inconsistency of the Glenlea results is the knovrn

tendency of this variety to outcross v¡h'ich would increase the probabil'ity

of development of off-types. Further work is needed to apply the

eiectrophoretic technique to the study of the outcrossing tendency of

Glenlea and sim'ilar varieti es.

The results presented here 'indicate that environment, in general,

has I j ttl e ef fect on the quant'i tat'i ve aspect of the gl ì adi n el ectro-

phoregram.

2. Gliadin Content by Densitometry and Breadmaking Potential

Eìght varjetjes from the Lethbrìdge samples were selected for

this analysis on the basis of thejr high and low remix loaf volume.

In thjs experiment, the area of the densitomet¡ic profile of the

gf iad'in el ectrophoregram (measured wjth a pì ani meter) was taken as

an index of the gfiadin content. By d'ividing thìs value by the

prote'in content of the grain, a value that'is dìrectly related to
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gì'iadin content per un'it protein was derived.

The data of rable ll show that the samples with rower roaf

volume were characterized by a considerably higher gìiadin content.

Indeed, for this limited preselected sample, the correlation between

loaf volume and gliadìn rvas highly significant (r = - 0.82**; Figure

12).

The resuì ts presented i n thi s section are qu'ite 'interest'ing.

They appear to be generaì1y consistent with the conclusion of Hoseney

et al. (lg6gc) who, on the basis of reconstitution experiments with

two flours, concluded that the gljadin fraction controlled loaf volume.

in the r,rork by Hoseney et al . (.l969c), the nature of difference(s)

(qua'ljtative and quantitat'ive) between the gliadin fraction from the

I ow- and h'i gh-qual'i ty f 1 ours was not determi ned .

0n the other hand, the results appear to djsagree wjth those of

Orth and Bushuk (1972). These workers showed that, for a simjlar set

of variet'ies (but grown at four stations instead of two), the

correlat'ion between amount of gliadin, obtained by the modified

0sborne fract'ionation procedure, and loaf volume was not sjgnificant

at the 5% level. It should be noted that the amount of gliadin,

determined by the mod'ified Osborne procedure, may or may not be djrectìy

related to the amount determined from the densitometric profìle of the

gìiadin electrophoregram as used in the present study. In pAGE of the 70%
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Table I I . Relationship Between Densitometric Gliadin Content
and Loaf Volume

Saric 7OlNeepawa

Kenya 32l.BT.l "B.l

Chester

Si nton

H-Ra 2F,

Tesopaco si b

Sona I i ka

Glenlea

17 .2

I 3.6

r 4.l

14.5

13.6

12.0

12.2

12.9

I 045

I 000

I 050

I 070

570

570

675

620

20.2

.l3.5

l3 .6

13.6

24.9

?6.5

?5.5

43 .5

1 .17

noo

0.97

0.94

l.B3

2.21

2.09

3.37

All grown at Lethbridge

Vari ety* Wheat Remix Loaf Total Gliadin Per
Protei n Vol ume Content Uni t Protei n
Content

(%) (cc) (cm') (cmz /s)



Fì gure ì2. Relationship between loaf volume
gliadin content per unít protein

and densitometric
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ethanol extract of flour, considerable proteìn remaìns at the po'int of

extract appìication (slot). in the mod'ified 0sborne procedure, the

flour is first extracted with 0.5M sodium chloride solution to remove

the albumins and g'lobulins before the gìiadin are extracted with 70%

ethanol sol uti on.

Further research is needed to clarify the apparent dìscrepancy

between the results obta'ined jn the present study and those of 0rth

and Bushuk (1972).

D. SDS-PAGE of Glutenin Proteins and
Breadmak'i ng Qua 1 i ty

l. Effect of Area of Growth on SDS-PAGE Patterns

The reduced and unreduced g'lutenjn of wheat varieties grown at

two locat'ions (Lethbridge and Swift Current) were exam'ined by SDS-PAGE.

No qua'l i tati ve or quanti tat'ive di fferences between the two patterns

for each variety were observed.

A very high degree of similarity of the SDS-glutenin patterns was

observed among the wheat varjet'ies used in this study. Figure ì3 shows

the patterns of reduced and unreduced glutenins of fìve randomìy

selected varieties grovJn at the two locations. The SDS-PAGE patterns

for the remaining wheat varieties examìned are shown ìn Appendjx III.
These results show that gìutenin patterns are genetical'ly controlled

and are not affected by the area of growth. These results are in
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agreement with pubiished information of Orth and Bushuk (1973b).

2. Glutenin Patterns and Breadmaking Quality

Since the main objective of this study was to examine possìb]e

relationships between the electrophoretic properties of wheat gìuten

proteins and breadmaking quaìity, the sDS-PAGE electrophoregrams of

the reduced and unreduced glutenins of the 26 varieties were anaìyzed

in the context of this objective. This analysis showed that there was

no visuaì'ly obvious relationshjp between gìutenìn electrophoregrams and

loaf volume. Some varjeties that had very different loaf volumes had

similar electrophoregrams and vice versa. It should be noted however

that, from the results presented here, it is not possìble to discern

if there are djfferences in the amounts of equívalent subunits between

varieties of different qua'lity. Quantitation of electrophoregram

bands (by extraction and anaìys'is ) is extreme'ly d jfficul t and lacks

accuracy. For these reasons this avenue of jnvestigation was not

pers ued .

The results obtained in the present study are general'ly consistent

w'ith the previous work of Orth and Bushuk (1973b). However, more

recent work of Payne et al. (1979; lg8l) showed that there js an

apparent relationship between a certain high mol wt glutenìn (as

observed by SDS-PAGE) and breadmaking qua'lìty. These workers showed

that this high mol wt subunit was controlled by lD chromosome. The

role of D genome for controlling the inheritance of high moì urt sub-
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units in common wheats (as compared v¡jth durum wheats which lack the

D genome) was established in earljer by Huebner (1970), Bietz and

[{all (1972), and Orth and Bushuk (1973c). However, Orth and Bushuk

(1973c) reported that the presence or absence of the h'igh mo1 wt sub-

units was not sufficient to exp'lain the differences in baking qualìty

among common wheats.

The SDS-PAGE patterns for the unreduced g'luten'ins (Figure ì3)

are of poor quality because of the excessjve streaking. However,

examination of the stained ge'ls ìndìcated that this protein contains

many 'low mol urt components that entered the ge] . Khan and Bushuk

(1979a) reported that these low mol wt prote.ins, which appear to

interact specifical'ly with the hìgh mol wt proteins which do not enter

the gel, may contribute to the functional properties of glutenin.in

breadmaking. The results obtained 'in the present study indicate that

there are no obvious varietal differences in the patterns of unreduced

g'lutenin. Accordjng'ly it is concluded that this fractjon of glutenin

does not contribute to the varietal differences in breadmaking quality

although it may very well contribute to the functiona'l'ity of gìutenin.

It would be of interest to study the role of specìfic g'lutenin. However

the conformational structure of gìutenin can not be determined because

of i ts hi gh 'insol ubi 'l i ty. l4os t researchers used vari ous sol vents to

dissoc'iate these prote'ins to facilitate such studies. However, the

disruptíon of the native structure of these prote.ins may lead to

information that is not applicable to aggregated concentrated systems

such as doughs. Reconstitution technìques should be used to relate

molecular results to functional (rheoìogical) properties of bread dough
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whi ch ref I ect breadmak'ing qual ì ty more d'irectly.

E. Gel-Fíltration Chromatography Results

The obiective of the experiments described in this sect'ion was

to exam'ine the possibìlity that qualitatjve and quantitative dìfferences

may exist between geì-filtration profìles of protein fractions from

wheat varieties of different breadmaking quality.

Figure l4 shows the elutjon profiles of the gliadins (obtained by

alcohol extraction -pH precip'itation method) of four wheat varieties

selected to represent high and low loaf volumes. Two included peaks

(I and II) were obtained in each fract.ionation.

The four profiles were essentially the same. It was noted however

the area of peak I decreased while that of peak II increased with

decreasìng baking qual ìty. This observation could be magnìfied by

determin'ing the ratio of peak I (high moì wt protein) to peak II (low

mol wt proteìn). However the differences observed are considered too

small to be a reliable index of baking quality for screen.ing

popul ati ons i n breed'i ng programs .

Figure l5 shows the elution profiles of the gìutenin fraction of

the same four samples used for the gliadin experìment described above.

As in the case of the gliadin profiìes (F'igure ì4), two peaks

(I and II) were obtained for each sample. For all samp'les examined,



Fì gure .l4. Gel-filtration elution profiles on Sephadex G-200
of the g'liadins of wheat varieties of d'ifferent baking
potential (Lethbridge Samples). The column s'ize was
2.5 x 100 cm and the flow rate was 9 n1/hr.
Fractjon volume was 4.5 ml/tube.
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Figure'15. Gel-filtration elution profiles on Sephadex G-200
of gìutenins of wheat varieties of d'ifferent baking
potent'ia'l (Lethbridge samp'les). The column size
was 2.5 x 100 cm and the flow rate was 9 ml/hr.
Fracti on vol ume rdas 4.5 ml /tube.
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peak I was eluted in the void volume, indicatjng an apparent mol wt

higher than 200,000. Two minor differences were observed for peak I

between the two high ìoaf volume and the two low loaf volume sampìes.

Firstìy, peak I for the sampres of low loaf volume eluted at a higher

elution volume (indicating a lower moì wt). secondly, th.is peak for
the higher ìoaf volume samp'les had slourer-eìuting shoulder whjch was

not present in the profiles of the low qua'l'ity samp'les. More work is
requìred to investigate the nature of this shoulder in the elutjon
profiIes of the hjgh ìoaf volume sampie.

0n other hand, peak II showed a h-igh degree of s-imilarjty among

the four sampìes investigated. Accord'ingly a further geì-fìltration
experiment was carried out on the total protein extracted with the

dissociating solvent AU (0.1N acetjc acjd and 3M urea). In this
experiment, three samples were selected on the basis of dough develop_

ment time (mixing strength) and roaf volume. The results for these

samples are shown in Figure i6. sample 'A' (sinton) represents a

strong variety with a ìong dough deve'lopment time and high loaf volume.

sample 'B' (sonaìika) represents a weak varìety with a short dough

development time and low roaf volume. sample 'c' (Gleniea) represents

an overly strong variety which gìves a low loaf volume because its
gìuten is not adequately deveìoped by the constant mixing t.ime of the

remix baking test.

The profiles obtained in this experìment were

four peaks. These peaks are generally referred to

characteri zed by

as gl uteni n (peak I ) ,
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gliadin (oeak II), water-solubìe proteins (peak III) and non-protein

mol ecul es (peak IV ) (Mered'i th and Wren I 966 ) .

The latter three peaks (II, III and IV) were similar for all
three sampìes; that is there were no djfferences which could be attributed

to differences in dough strength or bak'i.ng potentia'l . 0n the other

hand, the area of peak I was similar for the two weaker but consìderably

h'igher than the area for the overly strong variety (Glen'lea). These

results are generally consjstent with the solubilìty fractionatjon

results of 0rth and Bushuk (1972). t,Jhile the results of this study

suggest a relationship between the h'igh mol wt glutenin and dough

mixÍng properties, the difference between the two strong varjeties

(Glenlea and Sìnton) is not suffic'ient'ly large to make this parameter

sui table for qua'l ì ty screenì ng purposes.
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VI. GTNERAL DISCUSSION

Protein is the component of wheat flour that accounts for the major

portìon of its breadmaking qua'lity. In this function, both the quaìity

and the quant'ity of the protein are important. The quantity of protein

depends primari'ly on the condjtions during the growing season, especìaliy

on the amount of nitrogen in the soil. The qua]jty of the protejn .is

primari'ly an inherited characteristic which can be affected by the growing

conditions. l,lheat varieties (cuìt'ivars if they are grown commercially)

can be d j sti nguì shed by the'ir protein qua]ì ty. Many of the properti es

of flour proteins that contrjbute to breadmaking quality are known.

However our knowledge on this subject js far from complete. some new

information has been added to the pool of knowledge aìready accumulated

from the results of this thesìs project.

This study was undertaken to exam'ine primarìly the eìectrophoretic

propertìes of g'luten proteins of 26 varieties of breadwheat of different
baking quaiity gr"own at two locations. The study was extended to ìnclude

other experìments such as solubi'lity fractionatìon and geì-filtration.
The objective was to identify or confirm the factor(s) responsjble for
the ì ntervari etal d'if ferences i n qual i ty.

As found by many previous Ínvestigators, large and obvious

differences were observed between pAGE electrophoregrams of the

gliadins of different varieties. The locat'ion of growth had no effect
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on the qual i tati ve nature of the e'lectrophoregram. D'ifferences i n

the intensity of some bands observed for some varieties can be expìained

on the basjs of differences in protein content of the grain sampìes of

the same variety.

Eìectrophoregrams of the gf iadin of ejght varieties of widely

di fferent baki ng potentì al were exam j ned 'in deta j I . Thì s ana'lysi s

showed definite differences between the electrophoregrams of the high

and low loaf volume varìeties. The presence of a readily-'identified

doublet was characteristic of the hìgh ìoaf volume sampìes. However

when the e'lectrophoregrams for all 26 varieties were examined,several

exceptions to this observation were noted. Accordingly, 'it cannot be

generafized that the presence of this doublet is required for high

baking potentìal. However, the doublet can be used as a marker of bakìng

quaiity in the eariy generatìon screening to el'iminate low quaìity

varieties. 0ther tests must be appl'ied to elimjnate the 'low quaf ity

varieties that have the doublet. l4ore work'is r^equired on the genetics

and baking qual'ity impìications of this widely spread doublet. Also

it would be of speciaì interest to determine'if the doublet identified

in the present study is part of the allelic gliad'in block'identified by

Sozinov and Popereìya (1979) as the requirement for high techno'log'ica'l

qua'lity (high sedimentation value).

The independency of gìiadin electrophoregram of the area of growth

was confirmed, in this project, by examìning the electrophoregrams of

four random'ly seìected cul ti vars .
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The present study showed that the proportìon of gliadin in flour

protein appears to be related to differences in bakjng potent'iai

between varieties. Results showed that the gl'iadìn content (as

determined from densitometric profiles of gliadìn electrophoregrams)

was highly significantly correlated with loaf volume. The correlatjon

was negative indìcating that a higher proportìon of gliadìn leads to a

lower baking potential. These results are genera'lly consistent with the

finding of Hoseney et al. (1969c) but appear contrary to the observation

of 0rth and Bushuk (1972) who observed that the amount of gliadin obtained

by the modjfied 0sborne fractionation was not signìficantly correlated

with loaf volume. Further work is needed to establish the relationsh'ip

between the gliadjn content determined by the densitometric method (used

here) and the 0sborne fractionat'ion technique before any futher comment

can be made on the apparent jnconsr'stency.

Reduced and unreduced g'l uten'ins of the 26 var j et j es , grown at tlvo

locations, were exap:jned by sDS-PAGE. No obvjous qualitatÍve or

quantí tati ve di fferences 'in the patterns of reduced gì uten-ins were

observed that can be related to differences in baking quality. As in
the case of the gìiadin electrophoregrams, the gìutenin electrophoregrams

were also independent of growth conditjons. These results are in generai

agreement with published information in this area (grth and Bushuk l97Z;
Butaki and Dronzek .l979). 

However, the work of payne et al. (lglg,
lg8l) on glutenin subunits showed that a hìgh moì wt subunit (145,000)

control'led by lD chromosome is generally required for baking qua-lity.
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The results of the present study are not of sufficient clarity to

either confirn or contradict the results of Payne et al. (1979, lg8l).

A special extended eiectrophoresis - time technique and geì concentratjon

were used by these authors.

The sDS-PAGE electrophoregrams of the unreduced glutenins are

characterized by two groups of protein subunits (Khan and Bushuk 1979a).

One group of low mol wt enters the ge] and the other of high mo'l wt

and remains at sample app'lication slot" !,fhile the electrophoregrams

of the unreduced gìutenins were not very clear, examinatjon of the

stained geìs indicated no obvious differences between varieties of

different baking qua'l ity.

Gel filtration profìles on Sephadex-GzO0, of gìiadin and glutenjn

fractions extracted from four wheat varietjes of different baking

potentia'1, did not reveal differences among the samples investigated

that can be related to differences 'in baking potential. However, there

were quantitative differences betureen gel filtration profiles of the

total AU extracts of three wheat varieties which varied in dough

strength and baking potent"ial. The overly strong variety (Glenlea)

had the lowest amount of glutenin (peak I) in comparison with the other

wheat varieties used in this study. This result is generalìy consistent

with the 0sborne fractionation results of 0rth and Bushuk (1glz) who

showed that the amount of glutenin was negativeìy related to loaf

volume. It should be emphasized, however, that the amount of gìutenin

by geì-filtration of AU extracts (peak I) may not be equìvaìent to the
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amount of the g'lutenin fraction of the 0sborne fractionation. Further

work is needed to interrelate the results of the two methods.
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VII. SUF1MARY

l. Statistical analyses of the technological data for the 26 wheat

variet'ies of the 1979 uniform Quality Nursery, grown at Lethbridge

and swift current, gave additional information on the relationship

between wheat protein (quaì'ity and quantity) and loaf volume potentiaì

2" Farinograph water absorpt'ion and prote'in content were found to be

the best ind'icators of loaf volume potential. 0n the other hand, Zeleny

sedimentation value and dough development time were not h'ighìy

signifìcantly correlated with loaf volume.

3. The intervarietal and interstation effects on the intrinsic quaììty

of the flour proteìn (as measured by ìoaf volume per unít prote.in and

BSI Test) showed a great variation in protein qualíty among varieties

and between the samp'les of the same variety grown at the two locations.

4. Improved resolution of gliadin components by PAGE was obtained using

sodium lactate buffer instead of the classical aluminum lactate.

5. As found by other workers, gliadin erectrophoregrams were

independent of area of growth and marked differences were observed among

the varieti es.

6. A characterÍstic doublet was present jn the gìiadin electrophoregrams

of all varieties of high baking quality. varieti.es that did not have

this doublet were of low quality. some low quality varieties also
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contained the doublet.

7. Gliadin content (as determined from the densitometrjc profì1es

of g]iadin electrophoregrams) was pos'itively correlated wjth loaf

volume potential.

8. Urea can be comp'lete'ly removed from AUC extracts of flour by using

magneti c sti rrì ng durì ng di alysi s. Th'is i s 'important when the

Kjeldahl method is used to analyze AUC extracts for nìtrogen.

9. No rel at'ionship coul d be establ j shed between g'lutenin (reduced and

unreduced) SDS-PAGE electrophoregrams and breadmakjng qua'lity.

10. As found by others, th'is study showed that gìutenjn electrophoretìc

patterns were jndependent of locatjon of growth and seemed to be

genetì cal 1y control led.

ll. Gel-fjltration profiles of wheat protein fractjons (gliadjn and

gìutenin) dl'd not show d'ifferences that can be related to differences

i n I oaf vol ume potenti a1 . Quant'i tati ve di fferences were evi dent 'in

the profiles of AU extracts among wheat varieties of djfferent dough

strength and baking potential.
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APPENDIX I

Quality Data for 26 varieties

Grown at Lethbridge (L) and

Sw'ift Current (SC)
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WHEAT QUALITY TTST PARAMETERS

Test Parameter

Hwt Hectol i ter weight
MKwt Thousand kernel weight
Wpro Grain proteìn content

(N x 5.7; i4% m.b.)
FN Hagberg fal I j ng number
PR Pearl i ng resi stance
Yl d Fl our yiel d (i4% n.b.)
FPro Flour protein content

(N x 5.7; 14% n.b.)
Ash Flour ash content

(1a% n.b.)
Sed Zeleny Sed jmentat'ion

value
Amyì Amyì ograph vi scos'ity
FAbs Fari nograph absorptì on
DDT Dough development tìme
MTI Mìxing tolerance index
RAbs Baki ng absorpt'ion
RLV Remix loaf volume
BLV Blend loaf volume

l. Poyr graìn 'into half-liter measure, strike-off and we.igh.
Multiply weìght by 200.

2 count out 100 mature, sound kernels and weigh. Mult.ipìy by ì0.

Pearl 20 g of grain (13% m.b.) for 20 sec. in a Strong-scott
barley pearìer. Record vre.ight of pearls.

4. The G.R.L. MpB (lr1aìt-phosphate-bromate) Remix pup Loaf Bake Test
i s used.

5. The sample. be_]ng tested is blended with an equal we.ight of soft
whi te lvheat f l our.

J.

Un i ts l4ethod

Kg/hl
g
o/
/o

sec
g

/o
o/
/o

/a

cc

B.U.
o/
lo

min
B.U.
o/
/o

cc
cc

#1 below
#2 below
AACC Method
46-12
AACC Method
#3 below
AACC Method
AACC Method

AACC Method

AACC Method

AACC Method
AACC Method
AACC I'lethod
AACC Method
Usually 4% <

#4 below
#5 below

56-81 B

26-20
46-12

0B- 0l

56- 60

22-10
54-21
54-21
54-21

FAb s
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APPENDiX II
Gliadìn Electrophoregrams of

Wheat Varieti es Grown at Lethbr.idge

And Swift Current
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F'igure 18.

l.

Gliadin electrophoregrams of wheat varietjes grown
at Lethbridge (L) and Swift Current (SC)

Figure ìn parentheses is the protein content
(N x 5.7, 14% n.b.)
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JrT-35-21 (L)
(15.4%)
Tesopaco sjb(SC)
(13.1%)
Tesopaco sib (L)
(12.0%)
i4arquis
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Fi gure I 9. Gliadin electrophoregrams of wheat varieties grown
at Lethbridge (L) and Swift Current (SC)

Fìgure 'in parenthesis js the proteìn content
(N x 5.7, 14% m.b.)
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Marquis

Len (ND
(14.2%)

Len (ND
(14.4%)
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(SC )

(L)

6. James (SD 2273)
(14%)

7. James (sD 2273)
(14.4%)
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(14.e%)
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(14.3%)
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(sc ¡

(L)

(SC)

(L)

aJ.
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Fi gure 20. Gliadin electrophoregrams of wheat varieties grown
at Lethbridge (L) and Surift Current (SC)

Figure ìn parenthesis is the proteìn content
(N x 5.7, 14% m.b.)
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APPINDIX iiI
SDS-PAGE Patterns of Glutenin proteins

Isolated from Wheat Varjetjes Gror¡¡n

at Lethbridge and Swift Current



Fi gure 21

Mj da/Cadet

Mi dalCade t
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Kenya 32l.BT. I
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(sc ¡

(L)

. B . r (sc )

.B.l (L)

(SC)
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Sinton

Si nton

Sona I i ka

Sona I i ka

SDS-PAGE patterns of g'luten'in prote'ins
isolated from wheat varieties grown at
Lethbridge (L) and Sv¡ift Current (SC)

Left s'ide: reduced glutenin
Right side: unreduced glutenin

l.
?

3.

4.

5.

6.

7.

o(J.

9.

.l0.

(L)

(SC)

(L)

(sc¡

(L)



*"
.3

 g
,' 

s 
4 

s 
I 

r't
-g

 
s 

o&
=

'
qF

. :' 
llq

t'$
.*

e,
ry

'. 
E

ffi
.i 

'*
*4

ffi
J J LO



Figure ?2. SDS-PAGE patterns of glutenin prote'ins- isolated from wheat varjeties grown at
Lethbridge (L) and Swift Current (SC)

Left side:
R'ight side:

reduced gl uten'in
unreduced gl uten'in
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Figure 23"

sD 2235

sD 2235

James (SD

James (SD

ND 563

SDS-PAGE patterns of glutenin proteins
isolated from wheat varietìes grown at
Lethbridge (L) and Swift Current (SC)

Left side: reduced glutenìn
Rìght side: unreduced g'lutenin
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Fi gure 24"

CT 790

cr 790

NAPB NHS

NAPB NHS

NAPB NHS

SDS-PAGE patterns of gluten'in proteÌns
isolated from wheat varieties grown at
Lethbridge (L) and Swift Current (SC)

Left Si de: reduced g'lutenì n

Ri ght Si de: unreduced g'luteni n
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